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A new Lorentz gauge gravity model with i? 2 -type Lagrangian is proposed. In the absence 
of classical torsion the model admits a topological phase with an arbitrary metric. We 
analyze the equations of motion in constant curvature space-time background using the 
Lagrange formalism and demonstrate that the model possesses a minimal set of dynamic 
degrees of freedom for the torsion. Surprisingly, the number of torsion dynamic degrees 
of freedom equals the number of physical degrees of freedom for the metric tensor. An 
interesting feature of the model is that the spin two mode of torsion becomes dynamical 
essentially due to the non-linear structure of the theory. We perform covariant one-loop 
quantization of the model for a special case of constant curvature space-time background. 
We treat the contortion as a quantum field variable whereas the metric tensor is kept as 
a classical object. We discuss a possible mechanism of an emergent Einstein gravity as a 
part of the effective theory induced due to quantum dynamics of torsion. 
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1. Introduction 

The gauge approach to gravity based on gauging Lorentz and Poincare groupi^^ 
was developed as a powerful tool in attempts to constru ct a con sistent quantum 
theory of gravity in the framework of field theory formalisnffH~Q21 The extension of 
gauge gravity models to the case of Riemann-Cartan space-time geometry reveals 
wide p oss i bili ties towards formulation of numerous models of quantum gravity with 
torsiorff™. Recently, a Lorentz gauge model of gravity with Yang -Mills type 
Lagrangian including contortion (torsion) has been developed further^. It has been 
proposed that the Einstein gravity with a cosmological term can be induced as an 
effective theory due to quantum corrections of contortion. In that model the space- 
time metric is treated as a fixed classical field while the contortion supposed to be a 
quantum field. Such a treatment of the metric is not satisfactory from the conceptual 
point of view since one has to assume the existence of a classical space-time with 
a metric given a priori. In other words, we encounter the problem of space-time 
background dependence which is similar to the space-time dependence problem in 
superstrings where the string lives in a pre-defined fiducial space-time. One possible 
way to resolve this problem is to generalize the Lorentz gauge model by extending 
the gauge group to Poincare one. In that case the gauge potential of the Poincare 
group, the vielbein, becomes dynamical on equal footing with torsion. Another 
interesting possibility is to look for a quantum gravity model which has only one 
basic quantum field, contortion, whereas the metric describes a topological phase 
in the absence of contortion at classical level. In the topological phase the torsion 
can be unobservable quantity at classical level (this assumption may have physical 
sens e if there is some mechanism of hiding the classical torsion like the Meissner 
effecl(2-2J) but manifests itself through the quantum dynamics which triggers the 
phase transition to the phase of an effective theory where the metric obtains its 
dynamic content. 

In the present paper we propose a special i? 2 -type model of Lorentz gauge gravity 
which admits a topological phase at classical level and has non-trivial quantum dy- 
namics of torsion. The proposed model is minimal in a sense that only the contortion 
possesses dynamic degrees of freedom whereas the metric does not. We will demon- 
strate that the contortion has six propagating modes with spins J = (2;1;0;0), 
exactly the same number of physical degrees of freedom the metric tensor has in 
general. 

Notice, the structure of Poincare gauge theory with a most general R + R 2 
type Lagrangian was studied in Refs. I23H261 A special case with vanishing linear 
in curvature term was considered partially in Ref. 1251 What we consider in the 
present paper represents a strongly degenerate case of the theory, and its analysis 
was missed in previous studies. Moreover, in our analysis we take into account 
the effects conditioned by the curved space-time. We show that these effects are 
important and lead to appearance of the propagating torsion mode with spin two. 
In a fact, introducing the non-fiat space-time background we estimate indirectly 



June 24, 2010 1:29 WSPC IJMPAdgpakv2 
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the effect of the non- linear structure of the full theory. So that, we expect that our 
model even with flat metric has very non-trivial dynamic content for the contortion 
due to non-linearity of the equations of motion. The non-linearities of constraints in 
Poincare gauge theory are very important and can change the number of constraints 
and degrees of freedoirJ23-l2-9J 

In section II, we consider a general Lagrangian quadratic in Riemann-Cartan 
curvature which admits the topological phase in the limit of vanishing classical tor- 
sion. In section III, we study the dynamic content of the model in the framework 
of Lagrange formalism. By explicit solving all constraints among the equations of 
motion we show that the contortion possesses propagating modes. A covariant quan- 
tization scheme and the analysis of the structure of the one- loop effective Lagrangian 
is presented in Section IV. The last section contains discussion on possibility of in- 
ducing the Einstein-Hilbert term and cosmological constant by quantum torsion 
corrections. 



2. Lorentz gauge gravity model with a topological phase 

Let us start first with the main outlines of Riemann-C artan g eometry. The basic ge- 
ometric objects in Poincare gauge models of gravitjU™^^ are the vielbein e l a and 
the general Lorentz affine connection Af d . The infinitesimal Lorentz transformation 
of the vielbein e l a is given by 

Sei = [A,ei]=A a b el (1) 

where A = A cd -£l cd is a Lie algebra valued gauge parameter, and fl cd is a generator of 
the Lorentz Lie algebra. We use (i, j, k, ... = 0, 1, 2, 3) to denote coordinate indices, 
and (a, b, c, ... = 0, 1, 2, 3) for Lorentz frame indices. We assume that the vielbein is 
invertible and the signature of the flat metric rj a i, is Minkowskian, r/ a b = diag(-| — 
— )• 

The covariant derivative with respect to the Lorentz group transformation is 
defined in a standard manner 

D a = ei(d i +gA i ), (2) 

where A^ = Ai C dQ cd is a general affine connection taking values in the Lorentz 
Lie algebra, and g is a new gravitational gauge coupling constant. For brevity of 
notation we will use a redefined connection which absorbs the coupling constant. 
The original Lorentz gauge transformation of the connection A^ has the form 

5 A t = -d t A- [A;, A]. (3) 

The affine connection Aid can be rewritten as a sum of the Levi-Civita spin 
connection tp ic d (e) and the contortion K ic d 

A ic d = <p ic d (e) + Kj, (4) 

<fi la b (e) = -^(e jb d ieja - eie\d h e, c + 8 a e\ - eP^e) + e^e\d a e ic - d b e la ). 
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The torsion and curvature tensors are defined in a standard way 

[D a , D b ] = —T a c b D c — Rab, 

Tab = Kba ~ ^obJ (5) 

where, R Q b = R a bcd^ cd - Under the decomposition (@| the Riemann-Cartan curva- 
ture is splitted into two parts 

Rabcd Rabcd Rabcd, 

Rabcd = DbLPacd + fbc C faed - (a «-»• 6), 

Rabcd = DbKacd + K bc e K ae d - (a <-> &), (6) 

where, D a is a restricted covariant derivative containing only the Levi-Civita con- 
nection, and the underlined indices stand for indices over which the covariantization 
is performed. 

We exclude from our consideration any quadratic invariants with a dual 
Riemann-Cartan curvature which breaks the parity. The most general quadratic 
in Riemann-Cartan curvature Lagrangian reads 

C = CiR a bcdR abCd + C2R a bcdR Cdab + CzR a bR ab + C4-R a f,-R ba + C^R 2 + C§A^ bcd , (7) 

where the last term is an additional invariant whic h appears in Riemann-Cartan 
space-time. The tensor A a b c d is defined as follows^ 

Aabcd = -^{Rabcd + Racdb + Radbc + Rbcad + Rbdca + Rcdab) (8) 

In Ricmannian space-time the tensor A a bcd vanishes due to Jacobi cyclic identity 

Rabcd + Racdb + Radbc = 0. (9) 

In Riemann-Cartan geometry the proper generaliza tion of the topological Gauss- 
Bonnet invariant is given by the Bach-Lanczos 

density £0J31] 

IBL = RabcdR Cd<lb — 4:RabR ba + R 2 ■ (10) 

The properties of the Bach-Lanchos invariant are described in a detail in Ref. l32l 

We are interested in such a Lagrangian in Riemann-Cartan space-time which 
is reduced to the topological Gauss-Bonnet density in the limit of Riemannian 
geometry. A proper Lagrangian can be derived from the general expression JJJ by 
fitting the parameters Cj as follows 

£ = -\(*Rlbcd + (1 - a)R abcd R cdab - 4(3R 2 d - 

4(l-l3)RbdR db + R 2 + 6lA 2 abcd ), (11) 

where the parameters a, (3, 7 define the remaining arbitrariness. One can check that 
the Lagrangian reduces to the Gauss-Bonnet density in the limit of Riemannian 
space-time geometry. One can rewrite the Lagrangian in a more simple form 
1 



C 



(a + 7 )i?L<z - - l)RabcdR cdab - 4/3(i?L - R bd R db ) + 

(12) 



^RabcdR aCdb + IBL 
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We will demonstrate that the model described by the Lagrangian (TT2"j) admits dy- 
namic degrees of freedom for the contortion only for special values of the parameters 
a, (3, j. 

3. Equations of motion, constraints 

A detailed analysis of the equations of motion of the general R + T 2 + R 2 type 
Poincare gauge gravity for most of non-degenerate cases was performed in Refs. [531 
|2"51 A Hamiltonian formalism of the Poincare gauge gravity was considered in Refs. 
l33l [34l For our model, which is strongly degenerate and has a non-trivial space- 
time background, it is much more easier to use the Lagrange formalism instead 
of the canonical Hamiltonian one^. We start with arbitrary parameters a, /3, 7 in 
the initial Lagrangian (1121) . and then we will find constraints on the parameters 
under which the contortion obtains propagating modes. Let us consider linearized 
equations of motion corresponding to the Lagrangian f| 12[) 



7 (D a D a K cdb - D a D c K adb - D a D b K cda - D a D c K bda ) + 
/3 [D c D a K dab - D c D a K bad + D c D b K d - D c D d K b + 
7] bc (D a D e K aed - D a D e K dea - D a D a K d + D a D d K a )} - (c ^ d) = 0, (13) 



where, K d = K c cd . It is convenient to impose gauge fixing conditions which are com- 
patible with equations of motion. To fix the Lorentz gauge symmetry we choose the 
following constraints (indices denoted by Greek letters refer to spatial coordinates) 



The consistence of these gauge conditions with the Lagrange equations will be ver- 
ified during solving all equations of motion. 

The equation of motion SC/SKqos = with a flat metric and non- vanishing 
parameter f3 represents a most stringent constraint which implies that the transverse 
part of the vector field K uu $ vanishes identically. Since we are interested in finding 
propagating modes for the spin one vector field even in the flat space-time we 
will consider in the following only the case f3 = 0. It should be stressed, that 
the presence of curved space-time and non-linearity of the theory is an essential 
factor which can not be ignored. The perturbative analysis of linearized equations 
of motion in the flat space-time may lead to incorrect results in degenerate cases. 
For that reason we will study the equations of motion in the curved space-time, 
with a non-flat metric, while keeping a linearized approximation in contortion field. 
Such a treatment allows us to describe the main features of our model since the 
non-trivial Levi-Civita connection f ia b (e) can be treated as a background part of 



6C 



-(a + j){D a D a K bcd - D a D b K acd ) - (a - 7 )i) Q i) c X dafc + 



SK bcd 



d^(K m -K sof3 ) = 0, 

(a + tfdPKw = 7(d p K lf!S - d K SM ), 

dPd s Kpo6 = 0. 



(14) 
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the general Lorentz connection. For simplicity we choose the background space-time 
as a Riemannian space-time of covariant constant curvature 

Rabcd = J^R(VacVbd ~ VadVbc)- (15) 

In constant curvature background space-time one can rewrite the equations of mo- 
tion in normal coordinates keeping only linear terms in Ricci scalar R. The metric 
tensor, vielbein and Levi-Civita connection have the following decomposition in 
normal coordinates 

_ 2p, k . 

Qmn Vmn T" ~^~\VmnX X m X n J, 

e m ~ ^rn ~^(^m x x k ~ X X rn ), 
Vraa = P(VrnaX b ~ S^X a ), (16) 

R 

where p = — . Using these relations one can write down the equations of motion as 
follows 

~(a + j)(d a d a K bcd - d a d b K acd ) - (a - 7 )d Q d c J^ ab 

+j(d a d a K cdb - d a d c K adb - d a d b K cda + d a d c K bda ) 

+jpK bcd + (3a - 2^)pK cbd - apr) bc K d -(corf)=0. (17) 



Using the gauge conditions (fT4[) one can rewrite the equations of motion in compo- 
nent form 

= AKoos - d^dsKoop - d doK m + d d o K 5of) + 

0K 00 s 

2pK 00S - pK v v5 = 0, (18) 



' )L (a + 7 )AK„ 7j + a(d^d 7 K 5Qp - d p d s K lQf} ) - (a + j)d d^K^ s + 



j(d 7 d f3 K osp - AK lQ 8 - dodPR^sp -(70 6)) + 2 1P K Ql s + 

(3a - 2- r )p(K 1 o6 - Kgoy), (19) 



AK^ u + d o d^K^s = 0, (20) 



dod s K + P K u v5 - 2 P K ms = 0, (21) 
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SjO 

— — = a[AKp 0S - dpd a K a0S + d d (Kp s - K S op) + d a d s K 0a p 
oKpos 

- d d a K Sa p - d dpK os + d dsK oop + 3p{K p S + Ksop) + PVpsK Q ] 
+ y[A(Kpos - Ksop) + d d a {K Sa p - K aS p) 

+ dsd a K 0Pa - dpd a K Sa + AKosp + d d a Kp Sa \ - 

2ypK m + 2yp(K m - K 50 p) = 0, (22) 

5/1 

— — = a[DKp lS - dpd a K ajS - d dpK Ql& - dod^Ksop + d o dsK lO0 

- d 1 d a K Sa p + d s d a K iaP + 3p(K 70S - K Sj3j ) - p{r]^Ks - VpsK^)} 
+ 7[(P + 2p)K [MS) + d^d a K( a/3S) - d s d a K {aP7) - d fj d a K {a ^ 5) 

+ d d^K 0/35) + d d h (K saf}) - K poS) )} = 0, (23) 

where, □ = d a d a , A — d a d a , and a cyclic combination over indices enclosed in 
brackets is assumed, for instance, 

K(p-yS) = Kp-yS + K^sp + Ksp-,. (24) 

We will use the following decomposition of the contortion K^ c d into irreducible 
partis 

K m5 = e / K 



7<5 P pt 
1 

2 ( 
1 , „ . 



K„ P =S„p +^(S„A - d^d p ) S +{d ll S p + dpS^) + e^/A^, 



K^op =R W +^{Sp P A - d^dp) R +(d„R P + dpRp.) + e^/Q,, (25) 

where the superscript "T" stands for traceless components and the superscript "TT" 
denotes irreducible parts which are traceless and transverse. 

The equations of motion (|18H23[) and gauge hxing conditions ([T4"f represent both 
constraints and dynamic equations. Below we solve all constraints and derive re- 
maining independent dynamic equations. 

The first equation of motion, Eq. (fT5)l . is a constraint which allows to express 
the longitudinal and transverse components of the pure gauge field Kqos in terms 
of corresponding components of K vv $ 

KL = ~K l mS , (26) 
K os = -^-Kls- (27) 
To solve the Eqn. (IT9l it is convenient to find first the longitudinal part of Ko-yS 

d^K 0lS = A a d^Ksop. (28) 

aA + 2jp 
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With this one can resolve completely the constraint ([1 

(a + 7jA + 27p aA + zjp 

- ((3a - 2 7 )p - 1 A)(K 7 os - K S o 7 )]. (29) 

The constraint (j2"0)) has a simple solution 

K = ±d d<*K" va . (30) 
This solution can be rewritten in terms of irreducible component fields 

aJ-29*U.. (31) 



The longitudinal projection of Eqn. (|21|) represents a constraint which has the 
following solution 

^ - ~—t—d a A S . (32) 
2(a + 7) 

Using the above solutions one can check that the transverse projection of the Eqn. 
(|2ip produces a dynamic equation for the transverse field K vv $ 

DKZ S + pKll s + 2pK* r 0S + ^d Rf = 0. (33) 

In the next section we will show that the original quadratic in K mc d Lagrangian 
possesses additional local U(l) and x symmetries. One can check that the field 
K l J vS is invariant under ^-transformations and represents two transverse modes 
corresponding to U(l) gauge boson. Notice, one should check the consistence of the 
Eq. (|33j) with all remaining equations of motion which can constrain strongly the 
field dynamics of K l J vS . 

Solving the Eqn. ([22]) is a little tedious but straightforward. Notice, that we 
consider all equations including p-dependence, i.e., we take into account next linear 
order terms in p. One can verify that in a case of constant space-time background, 
p = const, there is no higher order corrections to the equations of motion. The 
antisymmetric part of the Eqn. ([22]) implies two constraints on the irreducible field 
components 

AC 2 \ t 
Ci-—r)d a Q a + (27 - a)d A A S +4jd Ad a S a = 0, (34) 



A 

2C 2 / / \ \ 2 1 2 P\ , 2 7 A 



(a + 7 )A + -Lf) + (-a + a£- -r J - r )A 



RZ = 



(a + 7)A + 27p v v ;/ a ' y A — 6/5 

-4ap^A%, (35) 

where C\)C<i are operator quantities 

C x = 2 (a + 2 7 )A + Aad da + 2(4 7 - 3a) p, 

C 2 = -7A + (3a - 2 7 )p. (36) 
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Notice, that the relationship (|35|) between the transverse components and R f ^ 
appears due to taking into account the presence of the curved space-time with a 
non-zero curvature p. 

Taking the divergence of the symmetrized part of the Eqn. (f2"2"j) one can obtain 
another two constraints 

2d a R a = d d a A a , (37) 

/9 (l + -L)Ai?f = 0. (38) 
6a 

Due to the imposed gauge condition (|T4l the Eqs. (|3"T1) and ([50)1 imply that R l a — 

A l a =R= 0. One should stress that the equation (|38| is non-trivial, and it appears 
in linear order in curvature p. An important consequence of the equations (|38j) and 
([35| is that the field A^ vanishes unless 7 = —3a. This is the only case, 7 = —3a, 
when the held A 1 ^ gains propagating modes. Finally, taking into account the above 
solutions, the symmetric traceless part of the Eqn. (|22|) leads to a relationship 

TT TT 

between spin two helds R p$ and 5" ps 

(A + 3p) R 0S ~(e iS p d d l ~Sp P +(f3 o <5)) = 0. (39) 

Surprisingly, the general Lagrangian (|12j) admits dynamic equations for the con- 
tortion only with a unique choice of the parameters, {(3 — 0,7 = —3, a = 1), (a is 
unimportant overall number factor which can be set to one). 

Let us rewrite the gauge conditions and solutions to the equations of motion 
for the special case of chosen parameters a = l,/3 = 0,7 = —3 and small values 
of p. Notice, the approximation p ~ corresponds to small deviation of the space- 
time geometry from the flat limit which is enough for our purpose to analyze the 
dynamic properties of the fields. The gauge conditions (| 14[) can be written in terms 
of independent fields as follows 



0, (40) 



Sl^e^^K, (41) 



3„ I 



Si, = —ft, 5, (42) 



R l a = 0. (43) 
The solution ([29]) is simplified as follows 

K 07 8 = --^^-(9 y R s - d s Ry) + ie lS a Q a . (44) 

Now we can write down the dynamic equation (|33p for A^ in a final form 

(□ + 2p)Af = 0. (45) 

Since the fields A^ and are related by the Eqn. (j4"Tj) . the same equation holds 
for the field Sl r . 



June 24, 2010 1:29 WSPC IJMPAdgpakv2 



10 Y.M. Cho, D.G. Pak, B.S. Park 

The Eqns. (|34I35I) can be rewritten in a simple form 

2d Q d Q a + 4(A + 3 P )Q a + d Q d a A S -e af /(d d? K oos + 6pd^R 5 ) = 0, (46) 
Rf = ^Af. (47) 

TT 

Using the identity for the irreducible field S 

TT x d^d v TT 

S a p+e on *ep v p -£- Ss P =0 (48) 

one can solve the last equation of motion, (|2"3")) . which reproduces the eqn. (|4"5)l and 
leads to additional equations 

(□ + 3p)(d a Q a - ^Ad d a S a ) = 0, (49) 
pD 5 Q(3 = 0. (50) 

TT 

Notice, that there is no equation for spin two field S a /3 at zero order in p. The 

TT 

non-trivial dynamics for the spin two field S a (s appears only in linear order in p, 
i.e., in the presence of curved space-time background. The Eqns. (l4"6l |4"9"|) implies 
that the longitudinal components of the vector fields Si,Qi become propagating. 
Defining scalar fields corresponding to the longitudinal components of Si, Qi 

V = d a Q a , 

$ = -\d a S a , (51) 
one can easily derive the following dynamic equations 

(D + 6p)<p + Aa= j u 

(n + 6p)4, + d <7 = j 2 , 

a = ^ + d ip, (52) 

where we introduce explicitly sources for the fields ip,ijj. The linear dependent 
field a satisfies the standard hyperbolic equation 

(n + 3p)a = ^(j 1 +d j 2 ). (53) 
So that, our model has six dynamic degrees of freedom corresponding to the ir- 

TT 

reducible field components ( S a p, , <p, ip) with spins (2;1;0;0) respectively. One 
can treat the field 5 1 * 1 " as an independent one, since the fields A^jS^ are related 
by Eq. (|41l) . Then, the scalar ip = —2/3d a S a represents a longitudinal component 
of the vector S a . 

Notice, that the kinetic terms for the fields A^ and ip are positively defined, 

TT 

whereas the terms for the fields S a,p and ip have negative contribution to the 
classical Hamiltonian. However, one should stress that the action might have still 
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positive definiteness since the theory has highly non-linear structure. For instance, 

TT 

the kinetic term for the held S a ,/3 contains the curvature p as a multiplier, so that, 
it represents actually the interaction term between the vielbein and contortion. 

4. Covariant quantization and the effective Lagrangian 

One-loop effective action with a constant curvature space-time background and 
quantum torsion has been calculated recently in the model with Yang-Mills type 
Lagrangian quadratic in Riemann-Cartan curvature^H In the previous section we 
have demonstrated that the model given by the Lagrangian (H"2l) (a = 1, /3 = 0,7 = 
—3) has dynamic contortion. In this section we perform covariant quantization of 
the model which is more suitable for practical calculation of a quantum effective 
action. 

We apply the functional integral formalism to derive the quantum effective La- 
grangian in one-loop approximation. In background held formalism one starts with 
splitting the general gauge connection A mc d into background (classical) and quan- 
tum parts 

A mc d = A^2j + A^ cd . (54) 

We identify the classical field A^ d with the Levi-Civita connection (p mc d(e) corre- 
sponding to the Riemannian space-time geometry and the quantum field A^ cd with 
contortion K mc d- 

Let us define two types of Lorentz gauge transformations consistent with the 
original Lorentz gauge transformation ^ and the decomposition (|54l) : 

(I) the classical, or background, gauge transformation 

Se rn = A b el n 

£v m ( e ) = ~9 m A - [<p m ,A], 

5K m = -[K m ,A], (55) 

(II) the quantum gauge transformation 

8e? = 8<p m (e)=0, 

5K m = -l) m A - [K m , A], (56) 

where ip m = (p mc dfl cd , and the restricted covariant derivative D m is defined by 
means of the Levi-Civita connection only 

D m A = d m A+[ip m ,A]. (57) 

Notice that the restricted derivative D m is covariant under the classical Lorentz 
gauge transformation. An interesting feature of the Lagrangian (|12|) is its invariance 
under above two types of gauge transformations. In general, this invariance can be 
broken by interaction of contortion with matter fields. 
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In one-loop approximation it is sufficient to keep only quadratic in contortion 
terms in the Lagrangian. After integration by part and neglecting surface terms the 
quadratic Lagrangian (IT2|) can be reduced to the form 

4 2) = D a K bcd (D a K bcd - D b K acd ) + 4D a K bcd D c K dab + 

+3D a K bcd {D a K cdb - D c K adb - D h K cda + D c K bda ). (58) 

The Riemann curvature is supposed to be covariant constant, i.e., D a R bc d e = 0. 

An interesting property of the quadratic Lagrangian (|58[) is the presence of an 
additional local U(l) symmetry 

Su{i)Kbcd = -^{VbcDdX - r]bdD c X), 

6 u(1) K d = D d X. (59) 

As it was shown in the previous section using the Lagrange formalism, the vector 
field Kd contains two transverse dynamic modes, A$ '. Notice, that a quadratic part 
of the Yang-Mills type Lagrangian 

Cym = -^Rlbcd ( 60 ) 

does not have such a local U(l) symmetry. 

It is convenient to decompose the contortion into irreducible parts 

Kbcd = Qbcd + ^(VbcKd — TjbdKc) + -£bcdeS £ , 

S 6 

Q c cd = o, 

e abcd Qbcd - 0. (61) 

Another unexpected feature of the quadratic Lagrangian C^ 2 \ (|5"8|) , is that it admits 
another local symmetry. The symmetry is provided by the following transformations 
with a new constrained parameter Xbc 

S x Qbcd = DcXdb — DdXcb, 

S x K d = 0, 
S x S a = 0, 

Xbc = Xcb, X c c = 0, DcXcd = 0. (62) 

The presence of the additional local gauge symmetries implies that the model is 
degenerate and has additional constraints. The field Qbcd has sixteen field compo- 
nents in general. After subtracting six pure gauge degrees of freedom due to Lorentz 
gauge symmetry and five degrees due to ^-symmetry one has exactly five physical 
degrees of freedom for the spin two field. The fact that we have only one physical 
spin two field is unexpected, and it does not occur in the gauge gravity model with 
Yang-Mills type Lagrangian CyMi (|60l> . where the contortion Qbcd contains a pair 
of spin two fields. 
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To perform one-loop quantization one has to fix the gauges corresponding to 
the local Lorentz, A and \ symmetries. The simplest gauge fixing function we have 
chosen is the following 

Fi cd = D b Q bcd . (63) 
One has a simple Lorentz gauge transformation rule for the function 

SF lcd = ~(DD+§)A cd . (64) 
3 o 

With this one can write down the corresponding gauge fixing term and Faddeev- 
Popov ghost Lagrangian 

4/ = -^{D b Q bcd )\ 



C^ P = cf(Db + ^)c lcd , (or,) 



where cf d , c\ cd are ghost fields. For simplicity we choose the gauge parameter £i = 1. 
Notice, that the gauge function Fi cd is invariant under U(l) and x-transformations. 
To fix the gauge for the local U(l) symmetry one has to introduce a second gauge 
fixing function which can be chosen as 

F 2 = D b K b . (66) 

The corresponding gauge fixing term and Faddeev-Popov Lagrangian have the fol- 
lowing form 

1 



4/= i-^ h K„f. 

,(2) 



,2 

Off = C2DDc 2 . (67) 



We choose a Feynman gauge (£2 = 1) for simplicity. Finally, to fix the gauge for the 
^-transformations one can choose a constrained gauge fixing function 

F$bd = -^0 a Qbad + b a Q dab ), 
V bd F 3bd = 0, 

D b F 3bd = \b a b h Q bad ~ 0, (68) 

where the last equality takes place on the hypersurface b b Q bcd = in the configu- 
ration space of functions {Q bcd }. One can easily find the corresponding gauge fixing 
and ghost terms 

A3) _ _ 1 p 2 



3 

3 



Lf P = r d {Db-^ cd . (69) 
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We set condition £3 = — which corresponds to a symmetric gauge. In calculation 
of the one- loop effective action after functional integration over the ghost fields ip c( j 
the last equation (p9")) leads to a functional determinant of the operator DD — R/3 
which has an additional pole (for a constant positive curvature R). This implies 
the presence of the tachyon mode which has the sa me origi n as the known Savvidy- 
Nielsen unstable mode in quantum chromodynamic J^^^^ i 

The final expression for a total one-loop effective Lagrangian is given by the sum 
of all gauge fixing and ghost terms 

4/ 3 / = 4 2) + E (4/+4 } p)- (70) 

i=l,2,3 

The expression for the effective Lagrangian is ready for calculation of the one- 
loop effective action. The contributions of ghosts are given by scalar functional 
determinants which can be easily calculated in analytic for nM' Unfortunately, the 
calculation of the functional determinants obtained after integration over contortion 
is more complicate due to the tensorial structure of the corresponding propagator. 



5. Discussion 

In our previous papeJ^H we have proposed a mechanism of dynamical generation 
of Einstein gravity through the quantum corrections of torsion in the Yang-Mills 
type Lorentz gauge gravity model. The main ingredient of such a mechanism is the 
formation of torsion vacuum condensate which we assumed to be covariant constant 

< Rabcd >= t^M 2 {r] ac rj bd - ri ad r] bc ), (71) 

where M 2 is a mass scale characterizing the torsion condensate. We suppose that the 
model proposed in the present paper admits the generation of the Einstein-Hilbert 
and cosmological terms as well. 

In conclusion, we propose a simple R 2 model of Lorentz gauge quantum gravity 
with torsion. Our model has a number of advantages to compare with Yang-Mills 
type Lorentz gauge gravity. In the absence of classical torsion the model reduces 
to a pure topological gravity, i.e., one has a topological phase where the metric is 
not specified a priori. The metric can obtain its dynamical content after dynamical 
symmetry breaking in the phase of the effective gravity which includes the Einstein 
gravity as its part. An unexpected feature of our model is that the contortion has 
the same number of dynamic degrees of freedom as the number of physical com- 
ponents of the metric tensor in Einstein gravity. The difference is that in Einstein 
gravity the metric has only two propagating spin 2 modes, other polarization modes 
corresponding to spin states (1; 0; 0) are not dynamical. Whereas in our model the 
contortion has six propagating modes with spin polarizations (2; 1; 0; 0), that means 
the torsion might have a dynamical mass like a gluon in quantum chromodynamics. 
This fact can be considered as an additional hint that the contortion could be a 
quantum counter-part to the classical graviton. 
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We have analyzed the dynamic structure of our model considering linearized 
equations of motion in a constant curvature space-time. It should be noted, that 
our results can reflect the principal dynamic properties of the full non-linear theory 
since the Levi-Civita connection can be treated as a background part of the Lorentz 
gauge connection. A more detailed analysis of the non-linear structure of our model 
and interaction with matter will be considered in a separate forthcoming paper. 
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